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tf|3£|^ -^ofl ^€ £^g^ *)1 1 In-doped GaN#3)-; *l] 1 In-doped GaN# 

In x Gai- x N/InyGai- y N ^3*} In x Gai- x N/InyGai- y N ^AA 

*fl i #^§^; *« i $H ^-S^M, *J-#*Hr *H si 

*ll 2 In-doped GaN#i|-; 2 In-doped GaNf^ p-GaN#; ^ p-GaN# 

$H n^ 2 #^§S 1- 3L^-tb4. 

£t £ ^<4| *fl 1 ^Hl^ <y#<=>l GaN#°H, A 2 

In x Gai- x N/InyGai- y N ^AA ^^4. 
3Etb £ tt^afl In x Gai- x N #4 l ny Ga i- y N 

-f##/In z G ai _ z N ^fAS «§-S3^ ^^H^^S Sfc T^^Vf^T^S. ^£)^, 
ol^- ^ in x Gai- x N n ^^©1 ^^(spiral mode)-° 5. ^3 , ^ q- 

In z Gai- z N ^% tttt. 

£ 1 
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^^Hi- trS-*H It^^r U ^- A 3: {Nitride semiconductor LED and fabrication 
method for thereof} 

£ l^r ^ ^ €^r# *fl 1 ^ 3^ t 2 -^* 

£ 2^ ^2r# ^H*0 >£^*r^ 4| 2 ^1 3^ M-^r^ 

sua. 

5 > £ *V£3H Sr*) 7)# $H GaN?fl #4^3r 

^3§^v ^ ^ z^p^e.) ^oloflAi ^s]^- ^?k%-%: GaN^l 4 

^.|- f^l^jo^, n ^^§- ^Al^lJL ^151^* *r 5X$= ^^r# ^5L*fl V**- 
7> ^ zl ^lS^^l %°}^. 
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MESFET, HEMT ^ -H^r , ^*>Sl #*M^H -§-§-=l^- 

<s> o]^ ^ GaN^l *>sM<H 7}% SiC 7^ 

^#^h ^3-, £2E4H W°l 7l^r S^r SiC 7m $H AlyGai-yN^ 44 

^-^o. ^^(buffer layer)^-S 3L-fr4H #7l la^f- $H 5^*1 

^ GaN ^^(Si)^ £*8€ n-GaN ^ S^r #7l ^^1^ n-GaN 

*0 1 &^%SL5L ^^(MgW £^ p-GaN M: ^ 2 ^^JLJL *H 

^SHfr a>£^ll ^r^-^7>7> SE«. tfWfWWi'a -*7l n-GaN *fl 

1 ^^-#4 P-GaN *fl 2 A>olofl ^2=^*1 ?2S ^€4. 

iH^^r ^^^^-o] of 10 8 /caf xgHS nfl^- M^r 7>*H , ^# 

4. 
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:12> ^tg^ ( GaNXl ^23*3 H 

+ &i=. 235H§- #5lX] ^i^> ^ ^ Xl^U"^ Xl^^fl =L • 

<14> ^-7]^ ^-fr ^*>7l ^ ^ #51X1 «i^Kr, 

<15> 7]^K3)-; 

<16> ^-71 7^ 3H1 GaNXl ul^^; 

<it> ^-71 W^f- $H ^t^I 5.^^ XI 1 In-doped GaNf^; 

<is> #7l Xl 1 In-doped GaN^ $H1 In x Gai- x N/InyGai- y N ^3*} ^2^4: 

<i9> #7] InxGai-xN/InyGa^yN s3*> $H Xl 1 ^FM-: 

<20> ^-71 Xl 1 $H ^ ##*Kr 

<2i> ^-71 $H , ?1# 0 1 5=^8 € XI 2 In-doped GaN^; 

<22> ^-71 Xl 2 In-doped GaN# $H1 p-GaN^; ^ 

<23> ^-71 p-GaN# *M ^£ n^3 XI 2 #^§S 4 2L^*Hr ^ 
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24> *\7}*\ ^ ^°fl ^*>^, GaN^l ^5s|#^r InGaN/GaN blAA t^S, In x Gai- x N/GaN, 
AlxInyGax-x.yN/In.Ga !- x N/GaN^ *4 ^ S^- 

25 > £tb £ *fl 1 ^#£r GaNf^ 

<27> atb ^<fl 3*^, *^f^r W°l ^ In x Gai- x N §^ InyGai-yN -fl: 

#/In z G ai - z N W*AS M^^Ri S*r 4fWt^2S tH§^. -»7l 

«-*<>l ^ In x G ai - x N SL^s^ *V§- In z G ai - z N ^#41 5^3^ Si 

# ^ ££r ^ ^9°1 

<28> £tt -# 7 1 ^ W>1 ^ In x Gai- x N M In y Gai- y N 

o. # ^/ InzGai _ zN ^#ofl JE^sqfe- tl* 0 < x < 0.05, 0 < y < 0.3, 0 < z < 0.1^ 

£fe n 5d4. 
<29> «■ *7l W>1 In x G ai - x N ^ ZL uHHJ-* 

(spiral mode)^-S. H #7l In z G ai _ z N 

<30> £ ttgofl ^-71 *)1 2 In x Gai- x N/InyGai- y N 2:3*r 

<3i> JE^, #713 J^-i- ^*>7l £ #51*11 ^^Hr, 

<32> 71^4; 
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<33> ^7] 7]$: $H GaN?fl tfl^^; 

<34> <#7) *fl 1 In-doped GaNf^; 

<35> %7] XI 1 In-doped GaN# ^€ n^ X] 1 ^f^: 

<36> s$7] X] 1 $W ^^M, 

<37> .^-71 $H p-GaN^; ^ 

<38> ^"71 p-GaN^ *§«3€ n*§^ XI 2 * X^Hir 3. ^ °1 $14. 

<39> C^H ^6\] #7] ^iM" <$7) P "GaN# A>°H , Olf-o] Xl 2 

In-doped GaN^^l is| 3<fl- ^ Sl^- 

<4o> 3E.tb ^V^, #7l X| 1 In-doped GaN^4 #7] ^ 1 *>oH , 

In x Gai- x N/In y G ai - y N ^%<=>] *\ ^ 

<4i> gc^. ^- ^-^ofl ^*>^, XI 1 In-doped GaNf^ #7l In x Gai- x N/ InyGa i- y N 2±^7\ 

=f-3^%- A}oHl, undoped GaN#°l 3 ^€ ^ ^3*1 
<42> att, ^*>7l £ 4€r 45Hr «r£«H ^^>^ ^12:^ 

<43> 7 ]jfl. <j\<q GaNTfl tf|3S|#^r ^^*>fe #X|S*; 

<44> #7] 4|«fl XI 1 In-doped GaN^-fi- #X1^; 

<45> #7] XI 1 In-doped GaN# $H n^ Xl 1 #-^§^ ^ A 3*Kr ^r^l^: 

<46> #71 XI 1 $H, %^#^r *l^*Kr ^14: 

<47> #7l $H p-GaN^-ir ^*Hr #X]; ^ 
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<48> #71 p-GaW $H * 2 *J^8: ^*Kr ♦ ^ 11 & 

A. 

< 49 > ol^ ^ ^ s}^, 3JM» #£*fl ^^IM: GaN^l ^ 

<5i> ol*>, rgJjL^ £ *r€- ^» 

<52> 5L l£r ^3 41 ^ ti>£^l ^^V^ *fl 1 M"^^ 

<53> 51 l£r -gr ^ofl tiV£^l *fl3^H *1*H. 71^(102) 

^^(buffer layer)(104)* n -GaN(^^^/°J^ **1 A 1 

(108)°. 3. *>aL, In x Gai- x N/InyGai- y N Z^AA ^(super lattice structure)* #5= A 2 

;M*(120)AS ^ ^21 M-Br^ S^ltl-. <^H. # 

71 4 1 ^#(108) $ A 2 ^^(120)^1 ^ ^ ^3^r *W 
^^Sjal, Ol* "?l7>Sl7fl €4. 

<54> SEtb, £ ^* «*4l*K?. *l^(In)°l ^7>^ GaN^UlO)^ 

, In x G ai - x N -f**(wel 0(112) « In x G ai - x N #^(barrier)(114)Sl * *1S °1*<** 
o.^- %^#(H6)ol #71 A 1 ^^*(108)^ #71 * 2 W*(120) 4<>li «=• 
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<55> ZLEjJl, #7l ^5)^(104)31- *!l 1 *R^(i08) ^Hl^ *!•§-( In W GaN^(106) 
o] In x Gai- x N #^#(barrier)(114)3r *ll 2 3i^§Kl20) A>o]ofl±=. p-GaN# 

(118W e| p>^^t4. 

<56> ne^^, ^o\) ^ ^^-1- ti>£^] ^^V^l *H2l«<H^ # ^<S*H ^^*>7] 

<57> ^Ti), A}^^ 71^(102) $H QaN^l ^3~§- «K£3l^ i^5E|# 

(104) ^^M: >8#*mtk ^71^, ^^£^a-1 GaNTfl ^5|-1- ^>£^^ Aj- 7 ] 

(104) ^-fr a^a^o)] oj<>|, InGaN/GaN 2^7>} ^-S ^ In x Gai- x N/GaN, 
Al x InyGai- x>y N/In x Gai- x N/GaN^ ^a]2] ^ ^tj-. 

<58> ol<4 ^-ol, ^-7] 71^(102) $H #7) ^#(104)°! ^"71 7]^(102) ^ 

^t* 3*11*1^ ji^^^ GaN^i ^# te^m *r Sflfe 71^ 

<59> o^, #7) GaNTfl ^^-1- #5L%] ^3)^(104)-i: ^^M^lfe . 

500 r -700^5. ^H, H 2> N 2 ^fl^M 7>^i» ^-^>^a| TMGa, TMIn, TMA1 ^^( source) 7>^» 

<60> ZLS^Jl, ^-71 ^3] #(104) Jl-gr^ ^^£ofl^ ol=-( In )o] J£3§ ^ G aN# 

(106) ^ -M^€-(Si)4- Sl#(In)°l *a] GaN#(108)* ^#^4. c^H, ^7) ^ 

^(Si)^ ^l#(In)ol GaN#(108)-& *)] 1 #^°-5L 
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<ei> oH, #7] i&ESfl GaNTfl ^^l^lfe SJl°1 , MOCVD 

ol-§-^ 900°C~1100 , C°lH TMGa, TMIn, TMA1 7>^« ^^l^ GaN?l] ^ 

^ ^n^o. a^X\?]jl ^QSLsL^ SiH 4 7^2}- o)# £^-&°.3. TMIn i^^7> A>-g-^r}-. 

<62> o}J?- t 4# *fl^ ^#*Hr In x Gai- x N/InyGai-yN *M-^ °^H-* 

^(single quantum well) Q± **** ^l^l *H * 

A^oj ifljjL ^x>Jl#^: ^^171^ ^ ^ In x Gai- x N(0 < x £0.2) %(110)* 

50-300A ^ tfl°fl^ ^^1^. ^ In x Gai- x N#(110) $H 91 

* W>1 4^, *8"#*Rr InGaN -f ##(112)4 InGaN ^#(114)J13_ ^€ 

<63> oTnfl, ^-71 ^-^o] ^ In x Gai_ x N #(110)4, In x Gai- x N(0 < x £0.35)/InyGai-yN(0 

< y £0.2)3. ^W^S. «^#^ ^^^N 55l°1, N 2 , H 2 +N 2 

^o] 7}^ ?± NH 3 ^7HlAi TMGa, TMIn, TMA1 -fpa*l^ ^^1^. < ?1^" 

^0} ^ I nx G ai - x N #(110)^ ^^im 10~500Ao"M, S.^. *-Hd"S# 
(spiral mode)^-S. tt^. 

<64> ##*Hr #71 InGaN ^--§-#(112) 4 InGaN #^#(114)^ ^Mlfe 5-30 

A 3l 50-500A ^51JL 700-800"C ^5>I4. ^ r ^°l- 2 - 

3=0} ^ ^*fl-H^ o]^- ^ ln x Gai- x N #(110)^ Xfcofl 4 

•3^*1 Aj. 7l i ny Gai- y N ^#(114)^1 n -fr*W°W!: 6 14 ^ 

f-SfHS. ^-g-^<?l ZL^IS.^ ^^>» ^ SiTfl 
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<65> ^7} oi# ^ In x Gai- x N ^(110), <#7] I ny Gai- y N ' -f **( 112) , In z Gai- z N 

^#(114)^1 5L*gS\^ ftife t*M- ^o] a ^ ^, Sl# 

In x Gai_ x N *(110)4 *1# W IriyGa !- y N ^^(114) Ji^ ^51^ , 3" 

^Sj^r <?lf-aj ^g=£r 0 < x < 0.05, 0 < y < 0.3, 0 < z < 0.13. S^*}^ W". 
<66> Zie|uL, i£#*rfe 3s ^Et *7M^ Mg €* r 7> p-GaN 

^^^(118)^: H 2 , N 2 , H 2 +N 2 ^ NH 3 7>i &fl7l^ ^#*l?lt*. #7l P"GaN ^(118)^ ¥ 
Tim 500~5000A°H, *M -^^BrSfe 900~1020°C ^<*)H ^*8€4. 
<67> o]^ ; ^-71 p-GaN #(118)# ^ $H *H 2 ^#(120)6.3. A>-g-s)^ In x 

G ai _ x N(0 < x ^0.2)/In y Gai- y N(0 < y <0.2) s3*r t^ES* ** 

t&x}. ^-71 InxGa^N/InyGai-yN ^2^r A 2 #^#(120)^ iL^SLS, ^ 

fl^, ^-71 *i| l ^^(108)4 ^q- ^-i- A r -§-«H t§^2j ^ o^tq-fe & 

<68> ^^ofl oj-s. «KE*ll U^-^H ^"71 A 1 ^^-#(108)4 2 *m 

fKl20)^ n^/n^ ^q-f^S. ^^=r. # ^*r^, * 

#4i7MH^ *0 1 ^#*r *H 2 ^f^l n^/p^g *fl 2 ^d^f^S. 

A>-g-s|^ p-GaN^ i3V^Lv1l#(Mg) SL^ Jl^I ^sq^ &± "Lofl 
^*V£}^ #^f- s| ^(current spreading layer *ll7i^: *r SIX] ^4. 

<69> zl^ji, #71 p-GaN#(118)3r^ ^fl-i- JL^*]-^, #7l 4 1 ^#(108). p-GaN# 

(118), all 2 ^^(120)^ n3/p3/n^ ^ 3°-^ ^ 9X^r- 
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<70> <^7H, #7l A] 2 £^(120)3 ^Mlfc 2-50A^.S. HtflS *N 200A 

*l#a.5. 5E^r, ^#£-51^ 700-85010 ^ N 2 , N 2 +H 2 Q NH3 ^ UGa, 

TMIn 4:^* -fr<^]^ ^^1^, ^ °<f*>J^§: ^ ^4 ^ ^M3°l ^ 

<7i> £ 2^ €^-1- #5lSj) ^^VS] ^1 2 -£a| ofl<q 3^ ^p-2:« i+ 

<72> £ 2-^1 M-B]-^ ^5r# #51*11 ^#41*}^ 7}^<& ^ ^Sfe 51 l°fl M-B}^ *1] 1 ^ 

Al ^ -B-A}^. t^, S. M-B}-^ *fl 2 ^} <^H] *W #51 

*f| Ir^TRr, 71^(202)4 51^^ GaN #€^(212)3]-^ 3*MHr ^ <1^%> 

XI ^ *K|ofl^ IHI^Ife ^^-i- *)7}7] In x Gai- x N/InyGai- y N ^ 

« £fe #(210) ol ^] 1 ^#(212) lH ^7>S. 3^4. 
<73> o]sf ^ ^-2:^- 71^(202)3]- 7-1^ ^(204)^1^^-^ ^Sj-Sj^ ^l^Sl-l- 

53 TlHMiA}-^ ^«<H}= ^-(reverse breakdown voltage, Vbr)* xi^Aj t^a] 

<75> 51 2fe ttj-^- ^2r# #51*11 ^±.7]-^ »lS*<HH *1*H, 71^(202) $H 

^3t)#(buffer layer)(204)^r -S^M^ji, n-GaN(^S|^/^ll- 51^)f^§- 1 

(212)^LS. *>JL, In x Gai- x N/InyGai- y N S^7> ^-SCsuper lattice structure)* f^-i: *H 2 
^#(224) ^^-Al^l ^5.^1 t^A>2l ^ v+El-^ a}7H ( # 
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71 ^ 1 3H-#(212) ^ *ll 2 ^^-#(224)o)]^ ^ ^H^IH 

<76> 3E«:, •& *m «S?* #51*11 ^^Kr, Slf-(InH ^7>€ GaN^(214)^- 

, In x Gai- x N -flrfKwel 0(216) « In x Gai- x N ^ ^(barrier) (218)^ «■ *^S. 
<>J*H-# ^4 «-^(220)<>l ^-71 *f| 1 #^§K210)*|- ^"71 *fl 2 ^#(224) 4°11 

<77> IL^jI, #7] ^3^(204)311- *H 1 3^(210) A}o-|ofl^ oif-(In)o] 51^ GaN#(206) 
3)-, JE^S)*] GaN#(208)°l ^Hi^H , #7l In x Gai- x N ^ ^(barrier) (218)^ A 2 

#(224) 4 fi lir p-GaN#(222H 3 ^>^€4. 

<?8> ^ ^-s* ^% AZ^&^ A 1 €^ 

<79> i 3£r 4€- #51*1] IH^*}^ »1 3 ^ 3# 4 

<80> 5. 3*1] M-E}^ ^SH& #5L^1 ^^7>£] 7l^^<y 3# ^2~r £ H M-^-^ *H 1 ^ 

a] a}^ ^-A>^>rV. t}*>, £ 3<^1 *|] 3 *H <^H ^^PS, ^ ^A 

*f| ^^Hr, p-GaN#(320)^ In x G ai - x N #^#(314) *}°}«\] ^l#(In) 51^=i GaN#(320H 

<8i> o]^ ^ ^2:^, #7] 5 : :s §€ GaN#(320)<>l ^7>S. ^^^^.S.^), #7] p-GaN# 

(320HH S.*$Q<L3. ^n^^(Mg) 31 *H ifl^ ^(In-dif fusion) ^W?! 
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' jl ^H3* *r St3L>n #7l GaN#(302)£r 'n ^]« 100A ©1 

<82> ^tgofl 4s. *ll 3 <^1^ TV^Ml *=r 

<83> £ 3£r £r ^ ^ ^ ^H^ll l^^*}^ ^fl^^H £J«H , 7^(302) $H1 

Hl3£)#(buffer layer)(304)-i: n-GaNC^^^/^l" **1 5.^)^ »1 1 

(308) AS InxGai-xN/InyGai-yN 2:3 7> ^-SCsuper lattice structure)* 3fe A 2 

^#(322)^.5. ^#*m ^3Bfc i&S.*fl ^4x7>Sl ^21 3 0 14. # 

71 ^| 1 ^^(308) g *0 2 ^^-#(322)^1^- ^ 44 ^(^lSAl)ol 

<84> stb, # ^s}-# w>£^ll Ur^^Hfe, ^l#(In)^l ^7>^ GaNfK310)4 

, In x Gai- x N *»(wel 0(312) ^ In x Gai- x N #^(barrier) (314)^1 « fAS <>1^H*! 
o^o.^. ^ ^^( 316 )cl ^-71 *i| 1 ^^-#(308)4 <$7] A 2 #^(322) 

<85> ZLSlJL, #71 ul 3^(304)4 ^1 1 ^^(308) A><>H*r al#(InH GaN^(306) 

ol p}^sM, #71 In x Gai- x N #^#(barrier)(314)4 2 #^-#(322) p-GaN^ 
(320)4, S^S^ GaN#(318H p}^*}. 

<86> 6l#4 ^ ^2:* ^ ^^-l" ^>£.^1 tt^^ ^l^ Vl ^^r *fl 1 ^*1 ^HH ^ 
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>7> =LV\3L, S. 4fe 4^: ^SH* *fl 4 cQg) ^« 

$8> s. 461] q-B)-^ «r^r W 6 ! 7^(402) $H ^^-Sr£^]^i GaNTll 
^£^1^ i^3Ji#(404) i^fr ^^m^. o^H, a^^o^ GaNTfl 

^ ^-71 ^551^(404) InGaN/GaN 2.3 ^ ^ In x Gai- x N/GaN, Al x 
InyGai-x.yN/In x Gai- x N/GaN^ 3^r^ ^ 

89> ^o], ^-71 71^(402) $H ^-71 ^5E)^(404)<^1 4^, ^"71 7l^r(402) ^ 

41 GaNTfl ^^^1^ ^ ^7.^^ -i;^H ^SfH #^5}i=. 33 

Jl^ o.s. ^*IW5q GaNTfl ^ ^ 7l«Vg- 

«o> ZLe|i, #7l i^3|^(404) $H A^^soflA^ oi^On)*! 5^§€ GaN# 

(406)* ^^1^14. O.^JL, ^"71 71^(404)^ ^7>^ ^ ^oloflAi 
ir ^^4: ^l7]7l ^-sfl^i In x Gai- x N/InyGa i- y N ^AA ^ #(408)* ^7> 

<9i> o]^- ^ ^Sfe 71^(402)31- 7-1 Wl3l#(404)<=>l]^^-Bl ^^lE* 

7^ ^-^7>5l ^«J-^= ^(reverse breakdown voltage, Vbr)* 7fl*i*H 413}^* 1MM 

<92> ZL^al, XI 4 oflfiflAl^. ^^-d- '^i^7l #7l IrixGax-xN/IriyGai-yN EL 

^ ^#(408) $}#(In) 5J%& GaN#(412)3l- In x Gai- x N/InyGai-yN 2i3*l- ^-S#(414) 
* 3 ^^Al^ls.^ 
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6\$. t ^€-(Si)4 <a^(ln)o] GaN#(416)^r ^#*1^K <^7H, ^ 

^s( S i)3f <£#(InH 5L*§€ GaN#(416)^ *l] 1 ^^SLS. o]^t^. 

°]^, €*Kr 4^ tfl^^l ^t^fe %^#(424)^ In x Gai- x N/InyGa i- y N 

^#^(single quantum well) °1^4 tt* ^£5} «^#(424)^r ^^1^1 

7l £41 ^7) %^^(424)^ xflJf <£t|-Jl## ^^l^lfe ^ In x Gai- x N(0 < x 

£0.2) fK418)^r WW*. 34)3, -*7l W*l ^ In x Gai- x N#(418) $H1 «■ 

^o] AjjgL 4^, «<J-#*}^ InGaN -^-##(420)4 InGaN ^^(422)^3- ^€ 

«H, -*7l til- In x Gai- x N §-(418)4, In x Gai- x N(0 < x <0.35)/InyGai-yN(0 

<y ^0.2)S. <8*R-#^2:3. ^€ , N 2 , H 2 +N 2 

7>i ^ NH 3 ^)7HH TMGa, TMIn, TMA1 -8-^*1*1 ^^134- ^-3., 

W°l Vtfr In x Gai- x N *(418)3 10-500 A°H, ^ ^ i+M-tf 

(spiral mode)*^. <^#°1 

«^ -8-71 InGaN ^-§^(420)4 InGaN #^#(422)^ ^Tfl^ z*z* 10-40 

A g 50-500A ^£5L t^sSM ^#£r5^r 700-800TC ^ 

^ o)tfl^^ o]f- ^ In x G ai - x N ^(418)^ -^^M) 4 

^#•1 ^71 In y Gai- y N #^(422)*>*1 n M» ^8* 
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<97> 



^ ^^-AlsQ 3s <&#(In) GaN^(426) ^ Mg 



7} p-GaN ^M*(428)4 ^7H. #7l p-GaN ^(428)^ 500-5000 

AoH, ©H 900-1020 °C ^3HH *r*8€i=K 

<98> o)^ t #7) p-GaN ^(428)* ^ $H 2 #^(430) <L5L AVMSr In x 

Gai- x N(0 < x <0.2)/In y G ai - y N(0 < y £0.2) **aJ*| 3« #7fl 

*r^. ^-7] InxGai-xN/InyGai-yN 2^4 *fl 2 ^#(430)3 3* M^iLS ^ 

*7l * 1 ^#(416)^ ^ ^ & 

<99> ^^ofl u}£. ^4i7.H ^| 1 ^^(416)3)- 2 

#(430)^ n^S/n^ WfrSJS- W «■ * 

AV-g-s)^ p-GaNM Mg ^ Jl*4| *^^Sft^ ^ ^^fe 

s|34K current spreading layer)^ ^ ^Tfl 

<ioo> n^ji, p-GaN#(428)3f^ ^31 » oL^^, #7) A] 1 £^(416), p-GaNf^ 

(428), A 2 ^^(430)^ n^/p^/n^^ W #0= i«* 

<ioi> o^W, ^-71 *H 2 3^(430)3 ^ 2~50AiLSL StflS. tM§£M 3*fl 200A 

p] ^€4. 3£«. ^^5.^" 700~850°C ^ *4H^ N 2 . N 2 +H 2 ^r NH3 7>i £ UGa, 

TMIn iit -fHH^ tfl^f WA-ft « W ^ ^H3°l -f^tr 
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Jl3Xj-J 
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#7) 7}& GaN^l ^2]^; 

^ «\6\) ol^-ol *ll 1 In-doped GaNf^; 

A 1 In-doped GaN^ *§^€ In x Gai- x N/InyGai- y N 2,3 ^2^; 

^-7] InxGai-xN/InyGai-yN 2^*V n*^ A 1 

^•71 ^ 2 In-doped GaN^; 

<#7] A 2 In-doped GaN# $H ^€ p-GaN^fS ^ 

^>7l p-GaN# *H n^ *fl 2 3^*: * 3LlJ-*Kr 3* ^^-S *Hr 44* 

&5lA t^-^l. 
2] 

A ltl 5a°W. 

#7l GaNTfl *|sjf^r, InGaN/GaN 3=.AA ^, In x Gai- x N/GaN, Al x InyGai- X( yN/In x Gai- x 
N/GaN^l ^f^S 3* ®^ **^>. 

3] 
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4] 
5] 

-#71 ^ 1^ 0 1 In x Gai- x N M- I ny Gai- y N ^-#^/In z Gai- z N ^f^S. 

13^% 6] 

^7} W°l In x G ai - x N 5^83^ ^ In z Ga !- z N #3^1 

91^ W'ol ^ In x G ai - x N InyGai-yN *«-f7ln z Gai- z N 

o J# o < x < 0.05, 0 < y < 0.3, 0 < z < 0.1*1 tf* ?Hr 
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13 8] 

A 5^1 9X^, 

#7} ^ In x Gai- x N f^8r ^ ^ M~?d^#(spiral models, 

[3^8" 9] 

^7) Slf- In x Gai_ x N n ^^^"(spiral mode)-°3. 

sH, zl ifM^fr #71 In z G ai - z N #*|* 43 ^ 4 

10] 

a i^-°fl sa°H. 

4| 2 #^-#£r In x Gai- x N/InyGai-yN ^^^V ^(super lattice structure)^. *§^€ 
^ o_s, 

[^t 1 * 11] 

^ 1^1 Sa°W, 

#7} 7l^r $H GaN^l #7l *i| 1 *V°H*r, 

^ofl oj^ol >fl 1 In-doped GaN^ H -$7] A 1 In-doped 

GaNf^ In^a^N/InyGai-yN ^»*> *a&*<>l 4^3- <N**M ^ 3} 
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12] 

^■7] 7l^r $H GaNTfl tH^^^; 

s$7] *ll 1 In-doped GaNf^; 

^-71 *|] 1 In-doped GaN^ $H n^ *fl l 

^7l flofl *§^€ p-GaN#; ^ 

^-71 p-GaN# ^^^^€n^^^l2 * 5LWtt ^ ^<LS. *fe 

13] 

^ 12*41 9X°]*\, 

^"71 ^"71 p-GaN# *}°}*\] , 91^°} *1] 2 In-doped GaN#<=>l ^ 

^•i: *Kr ^s}-!- *>5L*ll ^-^7>. 

[^T 1 * 14] 

>1] 12* *11 13^-^1 SU^i , 

#7] »1 1 In-doped GaN#^ #71 x\] 1 ^>^H1 , In x Gai- x N/InyGa i- y N ^ 
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15] 

^-71 *)1 1 In-doped GaN^4 # 7 ] In x Gai- x N/InyGai-yN 3^*} ^-3:^ undoped 
16] 

*ll 12^1 9X°)*\, 

^•71 GaNTfl «1s|^£r, InGaN/GaN iM*} ^p-s, In x Gai- x N/GaN, Al x InyGai- x ,yN/In x Gai- x 
N/GaN^ ^€ ^* ^8-2.3. t^Kr ^sj-lr £S.*il 

[3^8" 17] 

*n 12^1 sa^H, 

^71 *fl 1 ^e)^ ol^-o] y§-X\ S.3§^ GaN#<?l 3* ^-^S- *V^r 

13 t 1 ^ 18] 

»1 12^1 SZ^, 

#7] ^°^}^-%^ SE^ s.^} ^ 

«>£^ ^"^7>. . 

19] 

*ii 12*^1 sa°w, 
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#7] %^^r, oi# in x G ai - x N #3)- inyGai-yN -f ##/In z Gai_ z N ^%-<L*Z 

13^* 20] 

*H 19^] 5a°W, 

4>7l 61 # ig-^o] ^ In x G ai - x N 5^5)^ ^-71 In z Ga i- z N #^^1 

S-^S)^ "t^l 3 ^ £±r ^ «Hr ^^-1- SKESfl ^^>. 

21] 

*ll 19*4| Si^i, 

^•71 f-^o) ^ In x G ai - x N InyGai-yN -f l-^/In z Gai- z N ^Nf^ 

^If- IMg^r, 0 < x < 0.05, 0 < y < 0.3, 0 < z < 0.1^ iM: ^^.S. ^S}- 

22] 

-#7] ^ ln x Gai- x N H#<>1 ^(spiral mode)£_3. 

23] 
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#7] ^-^o] ygg. ln x Gai- x N =l 5.^ i+^tf-SKspiral mode)-°3. 

5]^, n t^S^ #7] In z Gai_ z N 33* #^5- ^ <g 

24) 

%7\ *ll 2 In x Gai- x N/InyGai- y N 3l3*> ^S(super lattice structure)^. ^€ 

25] 

7m $H1 GaN^l ^^1^ ^*Rr 

^7} *\?\%- $\*\) i^§€ *1] 1 In-doped GaN^ ^*Hr #31^; 

■%7] A 1 In-doped GaN# $H n^ ^fl l ^#^g- ^^Rr 

^-7i *\] i ^q-f- ^ %^f^S- ^^Kr 

^-71 p-GaN^-i: ^<3*Kr #31; ^ 

#71 p-GaN# $H n^S] ^ 2 ^*Hr #31 1 « i#*>*r 

[^T 1 * 26] 

#7] 1 ^ Si 3-4 <y^-o] ^a] £^§^ GaN^* ^*Kr 3* ^8-°S. 
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m=?*b 27] 

#7] *l] 2 ^^J^S., In x Gai- x N/InyGai- y N BtAA ^(super lattice structure)^ 
28] 

*1] 25^1 91°]*], 

^7} %^J15L, ^ ^ In x Gai- x N IriyGai-yN /In z Gai- z N #^#^1 

29] 

#7l ^11- ^ In x Gai- x N ZL ^^(spiral mode) 0 ! 

30] 

*ll 28%°1) 

^7) ^<>1 Y*£ In x Gai- x N ^ ^ *8-tf 6 l M-^#(spiral modeH ^H^- 

^^M, ^ M-^tf* In z Gai- z N ^* 3.^*1 ^^^^ A <^ A 1?1^ 
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lnxGa H N/lryGa H N. SL 
P-GaN 
InxGanN Barrier 
ln x Ga H NWell 
Low mole ln x 6aiJ 



Si- In co-doped GaN 



I n-doped GaN 

was 
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120 

118 
■114} 
112 [l16 
110 3 



108 

106 

•104 
•102 
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2] 



lnxGahcN/lrvGa H N SL 


- 224 


r udlN 


•-—222 


Illxudi-xl\ Dal 1 lul 


—218 


ln x Ga,- x N Well 


■ 216 


Low mole ln x Ga i- x N 


——214 


Sl-ln co-doped GaN 


212 


ln*Ga,-J/ln y Ga H N SL 


— — 210 


Undoped GaN 


208 


In-doped GaN 


~— 206 




-—204 




-^.202 



I 
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3] 



lnxGa H N/lrvea H NSL 



P-GaN 



I n-doped GaN 



ln x Ga,- x N Barrier 



ln,GaJfell 



Low mole ln x Ga H N 



Si -In co-doped GaN 



In-doped GaN 



WfflS 



322 
•320 
I— — -318 
314 ^ 
312 >316 
310 ) 



-308 



-306 



304 
302 
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4] 



Inx&htN/lrvGM SL ' 


-—430 


P-GaN 


428 


In-doped GaN 


—426 


ln x Gai- x N Barrier 


-—422 ^ 


inxtoi-xN wei 1 


,.420 >424 


1 Atii ma 1 1 &\ I r\ Til 

Low mole in x «ai-xN 




Si -In co-doped GaN 


■—--416 


ln x Ga,- x N/ln y Ga H N SL 


— ■ — -414 


In-doped GaN 


— -412 


lnxGa,-xN/ln y Ga H N SL 


-—408 


In-doped GaN 


—406 


turns 


-—404 




-^402 
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